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Abstract
7ZHQW\ILYHDSKLGVRIWKUHHGLIIHUHQWVSHFLHV Brevicoryne brassicae /, Myzus persicae 6FKXO]HU, DQG
Rhopalosiphum padi /+HPLSWHUD$SKLGLGDHZHUHHDFKDOORZHGWRLQIHVWOHDYHVRID\RXQJSODQWRI
WKHLUUHVSHFWLYHKRVWSODQWVSHFLHVIRUGD\VH[FHSWWKDWWKHROGHVWH[SDQGHGOHDIWKHµV\VWHPLF¶OHDI
ZDVNHSWIUHHRIDSKLGV(DFKSUHLQIHVWHGSODQWWKXVKDGWZRW\SHVRIOHDYHVORFDOOHDYHVSUHLQIHVWHG
ZLWKDSKLGVDQGRQHV\VWHPLFOHDIWKHROGHVWWUXHOHDIWKDWKDGEHHQNHSWIUHHRIDSKLGV,QVXEVHTXHQW
FKRLFHWHVWVVHWWOLQJSUHIHUHQFHRIDSKLGVZDVWHVWHGEHWZHHQWKHV\VWHPLFOHDYHVRIWKHVHSUHLQIHVWHG
SODQWVDQGOHDYHVRIXQLQIHVWHGFRQWUROSODQWV$SKLGVVLJQLILFDQWO\SUHIHUUHGOHDYHVRIFRQWUROSODQWVLQ
VHWWOLQJFKRLFHWHVWVWKXVLQGLFDWLQJVRPHUHVLVWDQFHLQWKHV\VWHPLFXQLQIHVWHGOHDYHVRIWKH
SUHLQIHVWHGSODQWV3ODQWSHQHWUDWLRQDQGIHHGLQJZDVIXUWKHULQYHVWLJDWHGZLWKWKHHOHFWULFDO
SHQHWUDWLRQJUDSK(3*WHFKQLTXHXVLQJ B. brassicae RQEURFFROLLWVKRVWSODQW7KHWHVWVLQFOXGHG
ERWKWKHV\VWHPLFDQGLQIHVWHGORFDOOHDYHVRISUHLQIHVWHGSODQWVDVZHOODVFRQWUROSODQWV
$SKLGLQGXFHGUHVLVWDQFHLQV\VWHPLFOHDYHVZDVFRQILUPHGE\(3*GDWD)HZHUDSKLGVVKRZHGSKORHP
IHHGLQJRQV\VWHPLFOHDYHVRQO\DVFRPSDUHGWRRQFRQWUROOHDYHV+RZHYHURQORFDOOHDYHV
RIWKHDSKLGVVKRZHGSKORHPIHHGLQJLQGLFDWLQJDVWURQJUHGXFWLRQLQV\VWHPLFUHVLVWDQFH
LQGXFHGE\DSKLGVLQWKHVHOHDYHV3KORHPIDFWRUVDUHWKHPDLQFDXVHRILQGXFHGUHVLVWDQFH7KHSRVVLEOH
UROHVRIGLIIHUHQWSKDVHVRIVDOLYDU\VHFUHWLRQLQV\VWHPLFDOO\LQGXFHGUHVLVWDQFHDQGLWVORFDOUHGXFWLRQ
DUHGLVFXVVHG,QDGGLWLRQWRWKHVHSUHLQIHVWDWLRQH[SHULPHQWV(3*WHVWVZHUHDOVRGRQHRQDSKLGVRQ
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3ODQW DWWDFN E\ LQVHFW KHUELYRUHV KDV EHHQ VKRZQ
WR LQFUHDVH SODQW GHIHQVHV JHQHUDOO\ UHIHUUHG WR DV
LQGXFHG SODQW UHVLVWDQFH .DUEDQ DQG %DOGZLQ
 2Q WKH RWKHU KDQG WKH RSSRVLWH HIIHFW
LQGXFHG SODQW VXVFHSWLELOLW\ KDV EHHQ UHSRUWHG DV
ZHOO 3UDGR DQG 7MDOOLQJLL  3ODQW UHVSRQVHV
LQGXFHG E\ VLJQDOV IURP WKH DWWDFNLQJ LQVHFWV KDYH
EHHQ GHVFULEHG LQFOXGLQJ WUDQVFULSWLRQDO FKDQJHV
0RUDQ DQG 7KRPSVRQ  .OLQJHU HW DO 
'H 9RV HW DO  DQG FKDQJHG PHWDEROLF
FDVFDGHV HIIHFWHG E\ WKH VLJQDOOLQJ KRUPRQH
MDVPRQLF DFLG 7KDOHU  ,Q WKH ODWWHU FDVH
WKH SURGXFHG PHWDEROLF SURGXFWV FDQ EH YRODWLOH
DQG WKHLU UHOHDVH PD\ DIIHFW WKH DWWDFNLQJ
RUJDQLVPV DV ZHOO DV WKHLU QDWXUDO HQHPLHV LQ WKH
HFRV\VWHP &KDPEHUODLQ HW DO  ,Q DGGLWLRQ
WR LQVHFWWRSODQW DQG SODQWWRLQVHFW VLJQDOV
SODQWWRSODQW VLJQDOV KDYH DOVR EHHQ UHSRUWHG LH
VLJQDOV UHOHDVHG E\ DWWDFNHG SODQWV WKDW DSSHDU WR
LQGXFH UHVLVWDQFH WR LQVHFWV LQ XQLQIHVWHG
QHLJKERULQJ SODQWV 3HWWHUVVRQ HW DO  'LFNH
DQG%UXLQ
0DQ\ SLHUFLQJVXFNLQJ KHUELYRUHV SDUWLFXODUO\
SKORHP IHHGHUV VXFK DV DSKLGV VFDOHV DQG
ZKLWHIOLHV KDYH DSWHURXV RU VHVVLOH VWDJHV WKDW
FRPSOHWH WKHLU ZKROH OLIH VSDQ RU DQ LPSRUWDQW
SDUW RI LW RQ WKH VDPH SODQW DQG RIWHQ WKHLU
VXEVHTXHQW RIIVSULQJ JHQHUDWLRQV GR VR DV ZHOO $V
D UHVXOW WKHVH LQVHFWV KDYH WR UHO\ RQ WKH LQIHVWHG
SODQW IRU D ORQJ WLPH 7KLV UDLVHV WKH TXHVWLRQ RI
KRZ WKHVH FRORQL]LQJ LQVHFWV GHDO ZLWK WKH
UHVLVWDQFH WKH\ LQGXFH 7KLV VWXG\ ZDV GRQH WR
GHWHUPLQH ZKHWKHU SODQW DFFHSWDQFH EHKDYLRU E\
DQ DSKLG FKDQJHG DIWHU LQGXFWLRQ RI UHVLVWDQFH LQ
D KRVW SODQW E\ WKH VDPH DSKLG VSHFLHV 7KUHH
DSKLGSODQW FRPELQDWLRQV ZHUH XVHG DQG LQGXFHG
HIIHFWV ZHUH REVHUYHG LQ D VLPSOH FKRLFH WHVW WR
GHWHFW VHWWOLQJ SUHIHUHQFH 6LQFH ZH DUH SULPDULO\
LQWHUHVWHG LQ HIIHFWV RQ SURELQJ EHKDYLRU ZH XVHG
WKH HOHFWULFDO SHQHWUDWLRQ JUDSK (3* WHFKQLTXH
7MDOOLQJLL  LQ RQH DSKLGSODQW FRPELQDWLRQ
%HKDYLRUDO DQDO\VLV XVLQJ (3* ZDYHIRUPV DOORZV
ORFDOL]LQJ WKH LQGXFHG HIIHFWV WR VSHFLILF SODQW
WLVVXHV $ VLPLODU (3* VWXG\ KDV UHFHQWO\ EHHQ
GRQH E\ 'XJUDYRW HW DO  ZLWK Myzus persicae
RQSRWDWRSODQWV
Materials and Methods
Plants and aphids
3ODQWV DQG DSKLG FRORQLHV ZHUH UHDUHG LQ WKH
JUHHQKRXVH DW  /' DQG   & 7KH DSKLGV
KDG RULJLQDOO\ EHHQ FROOHFWHG LQ WKH ILHOG 6DQWLDJR
GH &KLOH 7KUHH SODQWDSKLG FRPELQDWLRQV ZHUH
XVHG DQG SODQWV ZHUH DW WKH IROORZLQJ VWDJHV DW WKH
WLPH RI LQIHVWDWLRQ DQG DSKLGV KDG WKH IROORZLQJ
PRUSK DJH DQG UHDULQJ RULJLQ UHVSHFWLYHO\ 
6ZHHW SHSSHU Capsicum annuum / FY
³5HVLVWDQW´ ZDV XVHG DV SRWWHG SODQWV DW D VWDJH RI
WZR WUXH OHDYHV ZLWK Myzus persicae 6FKXO]HU
FRPELQDWLRQ &0 DSWHURXV YLUJLQRSDURXV
DGXOWV DERXW  GD\V DIWHU WKH ODVW PROW IURP D
FRORQ\ UHDUHG RQ C. annuum  %URFFROL
Brassica oleracea / FY ³$UFDGLD´ ZDV XVHG DV
SRWWHG SODQWV DW D VWDJH RI WZR WUXH OHDYHV ZLWK
Brevicoryne brassicae / FRPELQDWLRQ %%
DSWHURXV YLUJLQRSDURXV DGXOWV DERXW  GD\V DIWHU
WKH ODVW PROW IURP D FRORQ\ UHDUHG RQ B. oleracea
 :KHDW Triticum aestivum / FY &KDJXDO ZDV
XVHG DV SRWWHG SODQWV DW D VWDJH RI IRXU WUXH OHDYHV
ZLWK Rhopalosiphum padi / FRPELQDWLRQ 75
DSWHURXV YLUJLQRSDURXV DGXOWV DERXW  GD\V DIWHU
WKH ODVW PROW IURP D FRORQ\ UHDUHG RQ T.
aestivum.
Preinfestation and dual choice settling
tests
7KH KRVW SODQWV RI HDFK DSKLG VSHFLHV LQ WKH VWDJH
PHQWLRQHG DERYH ZHUH LQIHVWHG ZLWKLQ D FDJH
ZLWK  DSKLGV 7KH ILUVW WUXH OHDI WKDW ZDV IXOO\
H[SDQGHG ZDV NHSW IUHH RI DSKLGV ZLWK
QRQZRYHQ DQWLDSKLG WLVVXH WKDW ZDV WLJKWHQHG
DURXQG WKH SHWLROH (DFK SUHLQIHVWHG SODQW WKXV
KDG WZR W\SHV RI OHDYHV ORFDO OHDYHV SUHLQIHVWHG
ZLWK DSKLGV DQG RQH V\VWHPLF OHDI WKH ROGHVW WUXH
OHDI WKDW KDG EHHQ NHSW IUHH RI DSKLGV 6XEVHTXHQW
FKRLFH WHVWV VWDUWHG  GD\V DIWHU WKLV
SUHLQIHVWDWLRQ 6\VWHPLF OHDYHV RI SUHLQIHVWHG
SODQWV 7DEOH  WUHDWPHQW  ZHUH WHVWHG DJDLQVW
EODQN OHDYHV RI FRQWURO SODQWV 7DEOH  WUHDWPHQW
Table 17UHDWPHQWVRIOHDYHVRISODQWDSKLGFRPELQDWLRQVXVHGLQWKHWZRH[SHULPHQWVFKRLFHWHVWVDQG(3*
UHFRUGLQJV
No Treatment Choice test EPG
 /HDYHVRIEODQNFRQWUROSODQWV &0%%75 %%
 6\VWHPLFQRQLQIHVWHGOHDYHVSODQWVSUHLQIHVWHGZLWKDSKLGVIRUGD\V &0%%75 %%
 /RFDOSUHLQIHVWHGOHDYHVZLWKDSKLGVSODQWVSUHLQIHVWHGIRUGD\V  %%
 /RFDOOHDYHVZLWKRXWDSKLGVUHPRYHGSODQWVSUHLQIHVWHGIRUGD\V  %%
 9RODWLOHH[SRVHGOHDYHVDIWHUGD\VRIH[SRVXUHFKLPQH\FDJH  %%
&0 &DSVLFXP0\]XV%% %UDVVLFD%UHYLFRU\QH75 7ULWLFXP5KRSDORVLSKXP
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9RO_$UWLFOH Figure 1&KLPQH\VHWXSWRLQGXFHUHVLVWDQFHE\SODQWYRODWLOHVSURGXFHGE\SODQWVLQIHVWHGZLWKDSKLGV/HIW
FRPSDUWPHQWFRPSOHWHO\FORVHGEXWZLWKDFRQYHQWLRQDLUIORZWURXJKZLWKWZRJUH\FLUFXODUVFUHHQHGSDUWV5LJKW
FRPSDUWPHQWZLWKRSHQWRSWKH
FKLPQH\
SDUW
 LQ D VHWWOLQJ FKRLFH WHVW 7HVW SODQW SRWV ZHUH
ODLG KRUL]RQWDOO\ RQ D WDEOH DQG RQH OHDI RI HDFK
SODQW ZDV LQVHUWHG XQGHU WKH OLG RI D  FP 3HWUL
GLVK RQ ILOWHU SDSHU XQGHU GD\ OLJKW DQG SKRWR
SHULRG FRQGLWLRQV (DFK 3HWUL GLVK WKXV LQFOXGHG D
FKRLFH VLWXDWLRQ EHWZHHQ WZR OHDYHV D WUHDWHG DQG
D FRQWURO OHDI IRU  DSKLGV WKDW ZHUH UHOHDVHG
XQGHU WKH OLG 6HWWOLQJ RI WKH DSKLGV RQ HDFK OHDI
ZDV VFRUHG DIWHU   DQG K DW   & 7KH
QXPEHU RI FKRLFH WHVW UHSOLFDWHV XVHG ZLWKLQ
SODQWDSKLG FRPELQDWLRQV &0 %% DQG 75
ZHUH   DQG  UHVSHFWLYHO\ $SKLGV WKDW
ZHUH QRW RQ WKH OHDYHV GXULQJ VFRULQJ ZHUH
H[FOXGHG DQG VFRUH UHVXOWV ZHUH H[SUHVVHG DV
SHUFHQWDJHVRIDSKLGVRQDQ\RIWKHOHDYHV
EPG recording
7KH HOHFWULFDO SHQHWUDWLRQ JUDSK (3* WHFKQLTXH
'& V\VWHP 7MDOOLQJLL  ZDV XVHG WR FRPSDUH
SURELQJ SODQW SHQHWUDWLRQ DQG IHHGLQJ RI
B. brassicae RQ EURFFROL OHDYHV ZLWK WKH  GLIIHUHQW
WUHDWPHQWV $SKLGV ZHUH FROOHFWHG DQG LQGLYLGXDOV
ZHUH JHQWO\ EUXVKHG WR UHPRYH VRPH FXWLFXODU
ZD[ IURP WKHLU GRUVXP $ VPDOO GURSOHW RI ZDWHU
EDVHG VLOYHU JOXH ZDV WKHQ DSSOLHG WR WKH GRUVXP
WR DWWDFK D JROG ZLUH HOHFWURGH RI  ƫP GLDPHWHU
DQG DERXW  FP ORQJ $ FKDQQHO DPSOLILHU
PRGHO *LJD :DJHQLQJHQ 8QLYHUVLW\ DOORZHG
VLPXOWDQHRXV UHFRUGLQJ RI  DSKLGV GXULQJ 
KRXUV 'DWD DFTXLVLWLRQ .HLWKOH\¶V '$6  ELW
,6$ SOXJLQ FDUG DW  +] FRQYHUVLRQ UDWH ZDV
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9RO_$UWLFOH Figure 26HWWOLQJFKRLFHWHVWUHVXOWV6HWWOLQJSUHIHUHQFHRIWUHDWHGOHDYHV7DEOHWUHDWPHQWYVFRQWUROOHDYHV
VFRUHGDIWHUDQGKRXUV$OWKRXJKDYRLGDQFHRIWUHDWHGOHDYHVZDVFOHDULQDOOWKUHHSODQWDSKLG
FRPELQDWLRQVWKHZKHDW Rhopalosiphum padi FRPELQDWLRQVKRZHGWKLVDYRLGDQFHRQO\DIWHUK%DUVUHSUHVHQW
LHDOOLQVHFWVRQDQ\OHDILQHDFKUHSOLFDWHFKRLFHWHVWVLQWRWDOIRUHDFKSODQWDSKLGFRPELQDWLRQ
ZHUHVWDWLVWLFDOO\WHVWHGZLWK0DQQ:KLWQH\8WHVWS
XVHG WR VWRUH WKH VLJQDOV RQ D 3& KDUG GLVN (3*
UHFRUGLQJ DQG ZDYHIRUP DQDO\VLV ZDV PHGLDWHG E\
'26 VRIWZDUH 6W\OHW  :DJHQLQJHQ
8QLYHUVLW\ )RU HDFK RI WKH  WUHDWPHQWV 
UHSOLFDWHDSKLGVZHUH(3*UHFRUGHG
EPGs from aphid induced plants
%URFFROL SODQWV ZHUH SUHLQIHVWHG E\ B. brassicae
DV LQ WKH FKRLFH WHVW VHWXS $IWHU  GD\V  KRXU
(3*V ZHUH UHFRUGHG IURP DSKLGV RQ EODQN OHDYHV
RI FRQWURO SODQWV 7DEOH  WUHDWPHQW  RQ
XQLQIHVWHG V\VWHPLF OHDYHV WUHDWPHQW  RQ
SUHLQIHVWHG ORFDO OHDYHV ZLWK DSKLGV WUHDWPHQW 
DQG ZLWKRXW DSKLGV WUHDWPHQW  LH DIWHU WKH
SUHLQIHVWLQJDSKLGVKDGEHHQUHPRYHG
EPGs from volatile exposed plants
(3*V ZHUH DOVR UHFRUGHG RQ OHDYHV RI EURFFROL
SODQWV WKDW KDG EHHQ H[SRVHG WR YRODWLOHV IURP B.
brassicae LQIHVWHG EURFFROL SODQWV XVLQJ ³FKLPQH\
FDJHV´ 3HWWHUVRQ et al.  3ODQWV ZHUH
H[SRVHG WR YRODWLOHV RI LQIHVWHG SODQWV IRU  GD\V LQ
WKHVH FKLPQH\ FDJHV )LJXUH  $IWHU WKH YRODWLOH
H[SRVXUH (3*V ZHUH UHFRUGHG IRU  KRXUV RQ
WKHVHSODQWVWUHDWPHQW7DEOH
Statistics
&KRLFH WHVW UHVXOWV ZHUH WHVWHG E\
0DQQ:KLWQH\¶V 8WHVW ,Q (3* UHVXOWV PHDQ
QXPEHUV DQG WRWDO GXUDWLRQV RI ZDYHIRUPV ZHUH
WHVWHG E\ .UXVNDO:DOOLV IROORZHG E\ SDLUZLVH
FRPSDULVRQ WUHDWPHQWV YV FRQWURO RQO\ ZKHUHDV
)LVFKHU´V  [  WHVW WUHDWPHQWV YV FRQWURO ZDV
XVHG IRU SHUFHQWDJHV RI DSKLGV VKRZLQJ D FHUWDLQ
ZDYHIRUP 6LJQLILFDQFH OHYHOV RI S DQG
SDUHLQGLFDWHG
Results and Discussion
Settling choice
$SKLGV LQ FKRLFH WHVWV SUHIHUUHG VHWWOLQJ RQ EODQN
FRQWURO OHDYHV WR V\VWHPLF OHDYHV LQ DOO WKUHH
SODQWDSKLG FRPELQDWLRQV $YRLGDQFH RI V\VWHPLF
OHDYHV DSSHDUHG VRRQHU LQ CapsicumM. persicae
FRPELQDWLRQ WKDQ LQ WKH EURFFROLB. brassicae
FRPELQDWLRQ ZKHUHDV DQG R. padi RQ ZKHDW
VKRZHG DYRLGDQFH RQO\ DIWHU  KRXUV )LJXUH 
6HWWOLQJ DYRLGDQFH VXJJHVWV V\VWHPLF VSUHDG RI WKH
DSKLGLQGXFHG UHVLVWDQFH DOWKRXJK WKH LQGXFHG
UHVLVWDQFH LQ WKH XQLQIHVWHG OHDI PLJKW KDYH EHHQ
FDXVHG DOVR E\ YRODWLOHV IURP WKH SUHLQIHVWHG SODQW
SDUWV ,I V\VWHPLF LW UHPDLQV XQFOHDU ZKHWKHU WKLV
HIIHFW LV RQO\ GXH WR VLJQDOV DFWLQJ YLD VLHYH WXEHV
[\OHP YHVVHOV RU E\ FRPPXQLFDWLRQ YLD RWKHU
SDWKZD\V DV ZHOO 7KH IXOO\ H[SDQGHG OHDI LQ ZKLFK
V\VWHPLF HIIHFWV RFFXUUHG FDQ EH FRQVLGHUHG DV WKH
VRXUFH OHDI SK\VLRORJLFDOO\ PDLQO\ ZLWK D
EDVLSHWDO SKORHP WUDQVSRUW 6R LI VLJQDOLQJ IURP
WKH ORFDO OHDYHV RFFXUUHG GRZQZDUG LQ WKH
SKORHP VRPH XSZDUG [\OHP VLJQDOLQJ PLJKW KDYH
SOD\HG D UROH VXEVHTXHQWO\ $V KXPLGLW\ PLJKW
KDYH LQFUHDVHG LQ WKH 3HWUL GLVK DUHQD WKH [\OHP
VLJQDOLQJ SUHVXPDEO\ VWRSSHG DIWHU VRPH WLPH LQ
WKH OHDYHV WHVWHG $OWKRXJK WKH KRXU 3HWUL GLVK
H[SRVXUH PLJKW KDYH LQIOXHQFHG VLJQDOLQJ DQG
RWKHU SK\VLRORJLFDO IHDWXUHV VXFK HIIHFWV RFFXUUHG
LQERWKWUHDWHGDQGFRQWUROOHDYHV
EPG results
7KH UHVXOWV DUH VXPPDUL]HG E\ WKH UHODWLYH WLPH
 DSKLGV VSHQW SURELQJQRQSURELQJ
FRPSOHPHQWDU\ ILJXUHV DQG WKH UHODWLYH
QXPEHUV RI DSKLGV  VKRZLQJ SKORHP DFWLYLWLHV
RQ OHDYHV ZLWK GLIIHUHQW WUHDWPHQWV 7DEOH  2Q
V\VWHPLF OHDYHV DQG OHDYHV RI SODQWV H[SRVHG WR
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 2*HQHUDOVW\OHWSHQHWUDWLRQIHDWXUHV5HODWLYHILJXUHVRQPDLQ(3*UHVXOWV)UDFWLRQVRIWLPHSURELQJ
DQGQRQSURELQJDUHWDNHQIURPWKHILUVWSUREHWRWKHHQGRIUHFRUGLQJ)UDFWLRQVRIDOODSKLGV1 LH
VKRZLQJSKORHPDFWLYLWLHV(VLHYHHOHPHQWVDOLYDWLRQ(VLHYHHOHPHQWLQJHVWLRQV(VXVWDLQHGVLHYHHOHPHQW
LQJHVWLRQ!PLQ7UHDWPHQWVDQGDUHVKRZLQJDSKLGLQGXFHGUHVLVWDQFHLQWUHDWPHQWVDQGWKHLQGXFHG
UHVLVWDQFHDSSHDUVWREHDEVHQWORFDOO\VXSSUHVVHGDVZHVXJJHVW7UHDWPHQWVLQDFFRUGDQFHWR7DEOH
Pre-infested plants
Local leaves Control
Volatile
exposed Systemic leaves
with aphids without aphids
Treatment 1 2 3 4 5
A $YHUDJHWLPH
QRQSURELQJ  

   


SURELQJ  

   


B DSKLGVZLWK
(  

   
(  

   


V(  

   




 S
$PXOWLSOHDQGSDLUZLVHFRPSDULVRQWUHDWPHQWYVFRQWURO.UXVNDO:DOOLV	0DQQ:KLWQH\8
%)LVKHUH[DFWWHVW
YRODWLOHV WKH DSKLGV H[KLELWHG UHGXFHG SURELQJ
WLPH DQG IHZHU DSKLGV VKRZHG SKORHP DFWLYLWLHV
DV FRPSDUHG WR EODQN FRQWUROV 7KLV VXJJHVWV WKDW
LQ WKHVH WUHDWPHQWV VRPH UHVLVWDQFH WR DSKLGV ZDV
LQGXFHG 7KLV KDV EHHQ UHSRUWHG HDUOLHU LQ SODQWV
H[SRVHG WR YRODWLOHV 3HWWHUVVRQ HW DO 
1HYHUWKHOHVV RXU UHVXOWV LQGLFDWH VRPH
GLIIHUHQFHV EHWZHHQ UHVLVWDQFH GXH WR YRODWLOH
H[SRVXUH DQG GLUHFW DSKLG DWWDFN ,Q OHDYHV
H[SRVHG WR YRODWLOHV WKH UHGXFHG WRWDO WLPH RI VLHYH
HOHPHQW VDOLYDWLRQ ( ZDV QRW VWDWLVWLFDOO\
VLJQLILFDQW DQG WKH SHUFHQWDJH RI DSKLGV ZLWK (
DQG VXVWDLQHG SKORHP LQJHVWLRQ VDS IHHGLQJ
V( ZDV OHVV UHGXFHG WKDQ LQ V\VWHPLF OHDYHV RI
GLUHFWO\ DWWDFNHG SODQWV 7KH PRVW LPSRUWDQW
UHVXOW ZDV WKDW WKHUH ZDV DOPRVW QR UHVLVWDQFH
VKRZQ LQ ORFDO OHDYHV RI SUHLQIHVWHG SODQWV ZLWK
RUZLWKRXWDSKLGV7DEOHWUHDWPHQWVDQG
0RUH GHWDLOV RI LQGXFHG UHVLVWDQFH ZHUH GHULYHG
IURP IXUWKHU DQDO\VLV RI WKH (3* UHVXOWV ,Q
DJUHHPHQW ZLWK WKH IRUHJRLQJ UHODWLYH
QRQSURELQJ WLPH 7DEOH  WKH WRWDO GXUDWLRQ RI
QRQSURELQJ VKRZQ LQ PLQXWHV 7DEOH 
SDUDPHWHU  LQFUHDVHG LQ V\VWHPLF DV ZHOO DV LQ
YRODWLOHLQGXFHG OHDYHV DOWKRXJK WKH QXPEHU RI
SUREHV 7DEOH  SDUDPHWHU  UHPDLQHG WKH VDPH
LQ WKHVH WUHDWPHQWV DV FRPSDUHG WR FRQWURO OHDYHV
7KXV QRQSURELQJ ZDV ORQJHU EXW SUREHV GLG QRW
Table 3'HWDLOHGIHDWXUHVRIVW\OHWSHQHWUDWLRQIURP(3*V(DQG(UHIHUWR(3*ZDYHIRUPVUHIOHFWLQJ
VDOLYDWLRQLQWRDQGLQJHVWLRQIURPDVLHYHHOHPHQWUHVSHFWLYHO\)RUWUHDWPHQWQXPEHUVVHH7DEOH
Treatments
No. Parameter unit 1 2 3 4 5 All
 WRWDOVXPPHGGXUDWLRQRIQRQSURELQJ PLQ  

   

 


 QXPEHURISURELQJSHULRGVSUREHV     
  

 GXUDWLRQVW QRQSURELQJSHULRG PLQ     
 GXUDWLRQVW SUREH PLQ     
 QXPEHURIWHVWSUREHVEHIRUHVW (      


 QXPEHURISUREHVEHIRUHVW (   
   

 

 GXUDWLRQRISURELQJEHIRUHVW ( PLQ  

   

 


 QXPEHURI(SHULRGV   

 
  

 


 QXPEHURI(SHULRGV   

 

 

 

 


 WRWDOVXPPHGGXUDWLRQRI( PLQ  

   

 


 WRWDOVXPPHGGXUDWLRQRI(DSKLG PLQ  

 
 
 

 


  WLPHXQWLOVW ( PLQ  

   

 


  WLPHXQWLOVW ( PLQ  

   

 


  WLPHXQWLOVW VXVWDLQHG(!PLQ PLQ  

   

 


  WLPHXQWLOVW (LQSUREH PLQ     
 IURPVW SUREH
 RQO\IRUDSKLGVZLWKDQ\(n

 S


 S
7UHDWPHQW±ILJXUHVZHUHSDLUZLVHWHVWHGHDFKWRFRQWUROILJXUHV0DQQ:KLWQH\WZRVDPSOHWHVW
$OOWUHDWPHQWVZHUHWHVWHGWRJHWKHU.UXVNDOO:DOOLVPXOWLSOHVDPSOHWHVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 37KUHHLGHQWLILHGVDOLYDU\VHFUHWLRQSKDVHVLQWRWKHSODQWGXULQJVW\OHWSHQHWUDWLRQE\DSKLGV*HOOLQJ
VDOLYDUHGDUURZVIRUPLQJWKHVDOLYDU\VKHDWKZDWHU\VDOLYDEOXHDUURZVLQWUDFHOOXODUO\VHFUHWHGGXULQJ
EULHIVW\OHWSXQFWXUHVSGZDYHIRUPZDWHU\VDOLYDSXUSOHDUURZVLQWRSKORHPVLHYHHOHPHQWV(ZDYHIRUP
SUHFHGLQJSKORHPIHHGLQJ6DOLYDWLRQPLJKWEHPDLQO\UHVSRQVLEOHIRUWKHLQGXFHGUHVLVWDQFHWKDWLV
V\VWHPLFDOO\VSUHDGZKHUHDVVDOLYDWLRQDQGPD\KDYHPRUHORFDOHIIHFWV
RFFXU PRUH IUHTXHQWO\ 7KH GXUDWLRQ RI WKH ILUVW
QRQSURELQJ SHULRG 7DEOH  SDUDPHWHU 
GXULQJ ZKLFK VXUIDFH IDFWRUV DUH HQFRXQWHUHG E\
DSKLGV $OYDUH] HW DO  GLG QRW GLIIHU
EHWZHHQ WUHDWHG DQG FRQWURO OHDYHV 6HYHUDO HDUO\
SURELQJ DFWLYLWLHV LQGLFDWHG DV WKH VW\OHW SDWKZD\
SKDVH DUH LPSRUWDQW LI QRW HVVHQWLDO IRU
HVWDEOLVKLQJ SODQW VXLWDELOLW\ E\ DSKLGV 7KH
SDWKZD\ SKDVH UHSUHVHQWV LQWHUFHOOXODU VW\OHW
SHQHWUDWLRQ IURP HSLGHUPLV WR SKORHP GXULQJ
ZKLFK DSKLGV DOVR SXQFWXUH QHDUO\ HYHU\ FHOO
HQFRXQWHUHG 7\SLFDOO\ WKHVH LQWUDFHOOXODU
SXQFWXUHV RQO\ ODVW IRU DERXW  VHFRQGV DQG WKHQ
VW\OHWV DUH ZLWKGUDZQ WR FRQWLQXH WKH LQWHUFHOOXODU
VW\OHW SDWK 7MDOOLQJLL DQG +RJHQ (VFK  6DS
VDPSOHV WDNHQ GXULQJ WKHVH LQWUDFHOOXODU
SXQFWXUHV 0DUWLQ HW DO  DUH OLNHO\ WR FRQWDLQ
FKHPLFDO FXHV LQIOXHQFLQJ VW\OHW SHQHWUDWLRQ DQG
KRVW SODQW VHOHFWLRQ EHKDYLRU RI DSKLGV 0RQWOORU
 1R GLIIHUHQFHV ZHUH VKRZQ LQ (3*V
EHWZHHQ WUHDWPHQWV ZLWK UHVSHFW WR VRPH RIWHQ
XVHG SDUDPHWHUV VXFK DV WKH GXUDWLRQ RI WKH ILUVW
SUREH DQG WKH QXPEHU RI VKRUW WHVW SUREHV LH
SUREHV   PLQ EHIRUH WKH ILUVW SKORHP SKDVH
7DEOH  SDUDPHWHUV  DQG  7KLV LQGLFDWHV WKDW
QR UHVLVWDQFH IDFWRUV ZHUH GHWHFWHG E\ WKH DSKLGV
LQ WKH HSLGHUPLV DQG VKDOORZ PHVRSK\OO *DEU\V
HW DO  DW OHDVW QRW LQ SUHLQIHVWHG SODQWV ,Q
FRQWUDVW LQ SODQWV H[SRVHG WR YRODWLOHV WKH
QXPEHU RI WHVW SUREHV EHIRUH DQ\ SKORHP DFWLYLW\
SDUDPHWHU  GLG LQFUHDVH VXJJHVWLQJ DW OHDVW
VRPH YRODWLOHV LQGXFHG UHVLVWDQFH LQ WKHVH WLVVXH
OD\HUV
7KH WRWDO QXPEHU RI SUREHV EHIRUH WKH ILUVW
SKORHP SKDVH DQG WKHLU WRWDO GXUDWLRQ
SDUDPHWHUV  DQG  LQFUHDVHG LQ DSKLGV RQ
V\VWHPLF OHDYHV DQG RQ SODQWV H[SRVHG WR YRODWLOHV
WUHDWPHQWV  DQG  7KHVH SUREHV LQFOXGH WKRVH
WKDW ZHUH ORQJHU WKDQ  PLQXWHV DQG GHHSHU LQWR
WLVVXHV 'XULQJ WKH SUREHV EHIRUH SKORHP
DFWLYLWLHV ZHUH VHHQ WKH VW\OHWV SUHVXPDEO\
UHDFKHG WKH SKORHP DV VXFK EXW DSKLGV GLG QRW
VZLWFK WR SKORHP DFWLYLWLHV LQ WUHDWPHQWV  DQG 
$SKLGV JHQHUDOO\ GR SHUIRUP PDQ\ EULHI
SXQFWXUHV RI SKORHP FRPSDQLRQ FHOOV DQG VLHYH
HOHPHQWV ZLWKRXW VZLWFKLQJ WR SKORHP DFWLYLWLHV
7MDOOLQJLL DQG +RJHQ (VFK  7KH UHGXFHG
WRWDO QXPEHU DQG WRWDO WLPH RI ERWK SKORHP
DFWLYLWLHV SKORHP VDOLYDWLRQ ( DQG SKORHP
LQJHVWLRQ ( LQ WUHDWPHQWV  DQG  SDUDPHWHUV
 WR  GR VXSSRUW WKLV LGHD $OVR WKLV LV
VXSSRUWHG E\ GHOD\HG ILUVW SKORHP VDOLYDWLRQ (
SKORHP LQJHVWLRQ ( DQG VXVWDLQHG SKORHP
LQJHVWLRQ V( SDUDPHWHUV  WR  :LWKLQ
SUREHV ZLWK SKORHP DFWLYLW\ WKH SUHFHGLQJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH GXUDWLRQ RI VW\OHW SDWKZD\ SDUDPHWHU  ZDV QRW
VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ DSKLGV RQ FRQWURO
DQG WUHDWHG OHDYHV WKRXJK VHHPLQJ ORQJHU WKDQ
RQ ORFDO OHDYHV 5HVLVWDQFH UHGXFHG WKH QXPEHU
RI SUREHV ZLWK SKORHP DFWLYLWLHV EXW YHU\ OLNHO\
QRW SKORHP FRQWDFWV EULHI SXQFWXUHV RI
FRPSDQLRQ FHOOV DQG VLHYH HOHPHQWV DQG
WKHUHIRUH WKH WLPH XQWLO SKORHP DFWLYLWLHV
SDUDPHWHU ± )LQDOO\ WKH IDFW WKDW WKH
DSKLGV RQ V\VWHPLF DQG YRODWLOHH[SRVHG OHDYHV
VKRZHG ILUVW SKORHP DFWLYLWLHV ZLWKLQ D SUREH QR
ODWHU WKDQ RQ FRQWURO OHDYHV VXJJHVWV WKDW WKH\
PLJKW KDELWXDWH WR SKORHP UHVLVWDQFH IDFWRUV
GXULQJ WKH HDUOLHU SUREHV 7KXV WKH UHVLVWDQFH
IDFWRUV LV QRW ORFDWHG EHIRUH EXW PRUH OLNHO\
LQVLGH WKH SKORHP $JDLQ UHVLVWDQFH HIIHFWV ZHUH
FOHDUO\ VKRZQ LQ DSKLGV RQ V\VWHPLF OHDYHV DQG
WKRVH RQ SODQWV H[SRVHG WR YRODWLOHV WUHDWPHQWV 
DQG  EXW QRW LQ DSKLGV RQ WKH SUHLQIHVWHG ORFDO
OHDYHV WUHDWPHQWV  DQG  ,W VKRXOG EH
PHQWLRQHG KHUH WKDW WRWDO SKORHP IHHGLQJ
SDUDPHWHU  LV DOVR VLJQLILFDQWO\ VKRUWHU LQ
DSKLGV RQ WKH ORFDO OHDYHV VXJJHVWLQJ WKDW
DOWKRXJK UHVLVWDQFH LV UHGXFHG LQ DSKLGV RQ WKHVH
OHDYHV IHHGLQJ VWLOO LV QRW DV JRRG DV RQ EODQN
FRQWURO OHDYHV ,Q RXU RSLQLRQ WKLV GHPRQVWUDWHV
WKDW HDFK VWHS WRZDUG VXVWDLQHG SKORHP IHHGLQJ LQ
DSKLGV QHHGV D VWLPXOXV WR VWDUW DV ZHOO WR EH
PDLQWDLQHG
7KH (3* UHVXOWV VXSSRUW WKH FKRLFH WHVW UHVXOWV RI
DSKLGLQGXFHG V\VWHPLF UHVLVWDQFH GXH WR
SUHLQIHVWDWLRQ DQG DGGLWLRQDOO\ WKH\ LQGLFDWH WKDW
WKH UHVLVWDQFH IDFWRUV DUH SKORHP ORFDWHG
0RUHRYHU WKH (3* GDWD FOHDUO\ VKRZ WKDW
DSKLGLQGXFHG UHVLVWDQFH LV UHGXFHG LQ ORFDO
SUHLQIHVWHG OHDYHV SURWHFWLQJ WKH DSKLG FRORQ\
DJDLQVW LWV RZQ LQGXFHG UHVLVWDQFH :H KDYH QRW
LQYHVWLJDWHG VSDWLDO DQG WHPSRUDO DVSHFWV RI WKLV
UHGXFWLRQ QRU IRU KRZ ORQJ DSKLGLQGXFHG
V\VWHPLF UHVLVWDQFH UHPDLQHG DFWLYH +RZ
LQWHUVSHFLILF WKH LQGXFHG UHVLVWDQFH DQG LWV
UHGXFWLRQ DFWV LH DJDLQVW RWKHU DSKLG VSHFLHV RU
LQ PL[HG LQIHVWDWLRQV DOVR QHHGV WR EH VWXGLHG
IXUWKHU 'XJUDYRW HW DO  UHFHQWO\ FRQILUPHG
V\VWHPLF UHVLVWDQFH DQG ORFDO UHGXFWLRQ LQ SRWDWR
LQIHVWHG E\ WKH DSKLG M. persicae, UHJDUGOHVV
ZKHWKHU SUHLQIHVWDWLRQ ZDV FRQVSHFLILF RU
KHWHURVSHFLILF E\ Macrosiphum euphorbiae
LQYHUVH HIIHFWV ZHUH QRW VWXGLHG 0DQ\ TXHVWLRQV
UHPDLQ ZLWK UHVSHFW WR WKH QDWXUH RI VLJQDOV DQG
WKHLU SDWKZD\V WUDQVFULSWLRQ FKDQJHV
PHWDEROLWHV SURGXFHG DQG WKH ILQDO PRGH RI
DFWLRQ WR WKH DSKLGV ZKHWKHU VHQVRU\ :HQVOHU
DQG )LOVKLH  DQGRU SK\VLFDOFKHPLFDOO\
.QREODXFK DQG 9DQ %HO  1HYHUWKHOHVV RXU
SULPDU\ TXHVWLRQ KRZ DSKLGV GHDO ZLWK WKHLU RZQ
LQGXFHG UHVLVWDQFH LV DQVZHUHG LQ WKH VHQVH WKDW
DSKLGV DSSHDU WR EH DEOH WR UHGXFH VLJQLILFDQWO\
DQG SRVVLEO\ VXSSUHVV WKLV UHVLVWDQFH ORFDOO\ 7KLV
UHGXFWLRQ LV QRW GXH WR LQGLYLGXDO KDELWXDWLRQ LQ
WKH DSKLGV EXW LW LV DQ DSKLGLQGXFHG SODQW
SURSHUW\ 7KLV KROGV DW OHDVW IRU DOO WKUHH
SODQWDSKLGFRPELQDWLRQVZHLQYHVWLJDWHG
7KH UHVLVWDQFH LQGXFHG E\ H[SRVXUH WR YRODWLOHV
IURP DSKLGLQIHVWHG SODQWV VHHPV WR EH YHU\
VLPLODU WR UHVLVWDQFH LQGXFHG E\ SUHLQIHVWDWLRQ
+RZHYHU WKHUH DUH D IHZ UHPDUNDEOH GLIIHUHQFHV
)LUVW WKH QXPEHU RI WHVW SUREHV VKRZQ EHIRUH WKH
ILUVW SKORHP DFWLYLW\ 7DEOH  SDUDPHWHU  LV
KLJKHU 7KLV DOVR VXJJHVWV WKDW VRPH QRQSKORHP
IDFWRUV SOD\ D UROH LQ YRODWLOHLQGXFHG UHVLVWDQFH
7KHVH QRQSKORHP WLVVXHV DUH FORVHU WR WKH OHDI
VXUIDFH DQG KDYH EHHQ LQ GLUHFW FRQWDFW WR WKH
YRODWLOHV HQWHULQJ YLD WKH VWRPDWD ,Q DGGLWLRQ
UHVLVWDQFH GXH WR YRODWLOH H[SRVXUH VKRZHG ZHDNHU
SKORHP HIIHFWV  RI DSKLGV ZLWK ( ( DQG V(
7DEOH  7KHUHIRUH WKLV PD\ SOHDG DJDLQVW D SXUH
YRODWLOHPHGLDWHG FDXVH RI SUHLQIHVWDWLRQ LQGXFHG
UHVLVWDQFH DQG PDNHV D V\VWHPLF VLJQDO URXWH
PRUHOLNHO\
)LQDOO\ ZH ZRXOG OLNH WR VSHFXODWH DERXW KRZ WKH
REVHUYHG ORQJ UDQJH DQG ORFDO HIIHFWV PLJKW KDYH
EHHQ FDXVHG ,W LV OLNHO\ WKDW WKH DSKLG¶V VDOLYD
VHFUHWHG LQWR SODQWV SOD\V D FUXFLDO UROH 7KLV
VDOLYD PD\ LQFOXGH D QXPEHU RI GLIIHUHQW VLJQDOV
IRU WKH SODQW 7KHUH LV H[SHULPHQWDO HYLGHQFH IRU
WKUHH SHULRGV RI VDOLYDU\ VHFUHWLRQ LQWR SODQWV
)LJXUH  7MDOOLQJLL DQG &KHUTXL  7MDOOLQJLL
 7KH ILUVW SHULRG FRPSULVHV VKHDWK
VDOLYDWLRQ ZLWKLQ WKH VW\OHW SDWKZD\ 6KHDWK VDOLYD
LV JHOOLQJ VDOLYD WKDW HQYHORSV WKH VW\OHW EXQGOH LQ
WKHLU LQWHUFHOOXODU SRVLWLRQ )LJXUH  VDOLYD 
$OVR ZLWKLQ WKH SDWKZD\ VPDOO DPRXQWV RI ZDWHU\
QRQJHOOLQJ VDOLYD LV VHFUHWHG LQMHFWHG LQWR FHOOV
GXULQJ WKH FKDUDFWHULVWLF VKRUW LQWUDFHOOXODU
SXQFWXUHV SG ZDYHIRUPV VDOLYD  LQ )LJXUH 
0DUWLQ HW DO  )XUWKHUPRUH WKHUH LV ZDWHU\
VDOLYDWLRQ GXULQJ ERWK VLHYH HOHPHQW DFWLYLWLHV
ZDYHIRUPV ( DQG ( +RZHYHU WKH ( VDOLYDWH
GRHV QRW UHDFK WKH SODQW EHFDXVH WKH SUHVVXUH RI
WKH SKORHP VDS IRUFHV WKLV VDOLYD LQWR WKH IRRG
FDQDO GXULQJ SKORHP LQJHVWLRQ 3UDGR DQG
7MDOOLQJLL  :H WKLQN WKDW VLHYH HOHPHQW
VDOLYDWLRQ VDOLYD  )LJXUH  PD\ EH PDLQO\
UHVSRQVLEOH IRU WKH ORQJUDQJH V\VWHPLF HIIHFWV
EHFDXVH LW LV LQMHFWHG GLUHFWO\ LQWR WKH SODQW¶V
WUDQVSRUW V\VWHP 7KLV VDOLYD LV WKRXJKW WR KDYH
DOVR D IXQFWLRQ LQ WKH VXSSUHVVLRQ RI SULPDU\
ZRXQG UHVSRQVHV LQ WKH VLHYH HOHPHQWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH .QREODXFK DQG 9DQ %HO  :LOO DQG 9DQ %HO
 :LOO HW DO  7KH RWKHU WZR VDOLYDU\
VHFUHWLRQ SKDVHV GXULQJ IRUPDWLRQ RI WKH VW\OHW
SDWKZD\ )LJXUH  VDOLYD  DQG  PD\ SRVVLEO\
FDXVH WKH VKRUWUDQJH ORFDO UHGXFWLRQ RI LQGXFHG
UHVLVWDQFH DV LW LV QRW VHFUHWHG LQ WKH YDVFXODU
V\VWHP 3KORHP HIIHFWV LQ JHQHUDO PD\ SULPDULO\
UHIOHFW PHWDEROLF DFWLYLWLHV RU FKDQJHV LQ WKH
SKORHP FRPSDQLRQ FHOOV VR WKDW WKH GLIIHUHQFH
EHWZHHQ WKH VKRUW DQG ORQJ UDQJH HIIHFWV
SUHVXPDEO\ FRPHV IURP GLIIHUHQW VLJQDOV
VKRUWUDQJH IURP WKH PHVRSK\OO DQG ORQJ UDQJH
IURP WKH VLHYH HOHPHQWV 6DOLYD PD\ QRW EH WKH
VLJQDO LWVHOI $IWHU WUDQVGXFWLRQ LQ FRPSDQLRQ FHOOV
LW FDQ EH DQ\ SODQW VLJQDO EXW WKDW LV UDWKHU
VSHFXODWLYHDVZHOO
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